Urinary tract infection is commoner in patients with spinal cord injuries because of incomplete bladder emptying and the use of catheters that can result in the introduction of bacteria into the bladder.  patients suff ering from spinal cord injuries, admitted to the Institute for physical medicine and rehabilitation, Centre for paraplegia of the Clinical Centre of the University of Sarajevo, were included. Th e patients were divided in three groups according to the method of bladder drainage: Group A (n=) consisted of patients on clean intermittent catheterization; Group B (n=) consisted of patients with indwelling catheters; Group C (n=) consisted of patients who had performed self-catheterization. From a total of  urine samples,  (,) were positive and  (,) were sterile. More than  of the infected patients were asymptomatic. Th e overall rate of urinary infection amounted to about , episodes, and bacteriuria to , episodes per patient.  of infections (/) were acquired within seven days from catheterization. Infection was usually polymicrobial; the greatest number of urine samples / (,) included more than one bacterium. Th e vast majority of cases of urinary tract infection and bacteriuria are caused by Gram-negative bacilli and enterococci, commensal organisms of the bowel and perineum, representative of those from the hospital environment. Providencia stuarti (,) being the most common, followed by Proteus mirabilis (,), Escherichia coli (,), Pseudomonas aeruginosa (,), Klebsiella pneumoniae (,), Morganella morgani (,), Acinetobacter baumannii (,), Providencia rettgeri (,). , of isolates were Gram-positive with Enterococcus faecalis (,) as the most common. , of isolates were multidrug-resistant, and the highest rates of resistance were found among Acinetobacter baumannii (,), Providencia rettgeri (,), Pseudomonas aeruginosa (,), Providencia stuarti (,) and Morganella morgani (,). Lower rates of resistance were found in Group C, i.e. patients on intermittent selfcatheterisation. Eradication of organisms was achieved in only  (,) of patients; hence, antibiotic therapy had no or very low eff ect. Signifi cant correlations were found between the method of catheterization and the frequency of bacteriuria and urinary tract infections. Th e analysis of Group C showed a rate of lower urinary tract infection and bacteriuria than the other two Groups of patients. Th e objective of this study is the update of etiology and antimicrobial susceptibility in urinary tract infections in this group of patients. In addition, possible correlations between UTI and the type of bladder management were examined.
Introduction
Urinary tract infections in patients with spinal cord injury (SCI) are the most frequent complication due to vesical neurogenic alteration () . Several factors may act to predispose patients with neurogenic bladder to UTI. Th e most important of these are high pressure voiding, large amounts of post-voiding residuals, bladder catheterization, vesicoureteral reflux, bladder overdistension, stones in the urinary tract and outlet obstruction () . Recurrent UTI requires multiple courses of antibiotic therapy, thus markedly increasing the incidence of multidrug-resistant (MDR) bacteria () . Bacteriuria -the presence of bacteria in the urine -is very common in patients with an indwelling catheter () . Studies show that in patients with spinal cord injuries the incidence of bacteria in the bladder is - per catheterization, and - episodes of bacteriuria occur per  days of intermittent catheterization performed  times a day () . Abnormal levels of pyuria are present in the great majority of people with SCI who have indwelling catheters and also in those using IC. Lack of pyuria reasonably predicts the absence of UTI in SCI patients () .
Th e majority of organisms are from the patients' own colonic flora and may be native inhabitants or new immigrants, that is, exogenous organisms from the hospital environment (, ) . Bacteria enter the urinary tract trough the meatus, migrate to the bladder, and proliferate in the urinary tract. Within  hours of insertion of a catheter, a biofilm can be found on the surface of the catheter, drainage bag and mucosa. Th is biofilm consists of the Tamm-Horsfall protein, struvite and apatite crystals, bacterial polysaccharides, glycocalyces and living bacteria. The presence of the biofilm is thought to be responsible for the persistence of bacteriuria (, , and ) . Additionally, exogenous organisms may colonize catheter equipment, if transferred via the hands of health care personnel () . Among short-term catheterized patients, Escherichia coli are the most frequent species isolated. Other common organisms are Pseudomonas aeruginosa, Klebsiella pneumoniae, Proteus mirabilis and enterococci. Particularly when antibiotics are in use, yeast may be isolated as well. Most bacteriuria in short-term catheterization is of single organisms. However, as much as  may be polymicrobial. Among long-term catheterized patients infections are mostly polymicrobial in up to  of urine specimens. Such specimens commonly have - bacterial species, each at concentrations of  CFU/ml or more; some may have up to - species at that concentration. As noted, these include common uropathogens such Escherichia coli, Pseudomonas aeruginosa and Proteus mirabilis, as well as less familiar species such as Providencia stuartii, Morganella morganii and Acinetobacter spp. Th is high prevalence of polymicrobial bacteriuria and of unfamiliar uropathogens is sometimes not recognized by clinicians and laboratories (, ) . Th e use of intermittent catheterization has improved the care of these patients, but infections still arise, and the dilemma facing the urologist or physician is whether or not to administer antibiotic therapy () .
Material and Methods
Patients  patients suff ering from spinal cord injuries, admitted to the Institute for physical medicine and rehabilitation, Centre for Paraplegia Clinical Centre of the University of Sarajevo, were included. Th e patients were divided into the three groups according to the method of bladder drainage: Group A (n=) consisted of patients on clean intermittent catheterization; Group B (n=) consisted of patients with indwelling catheter; Group C (n=) consisted of patients who had performed self-catheterization.
Patient data
Demographic information (age, sex, spinal cord injury and time of injury, time and frequency of hospitalization, intake of systemic antibiotic with activity against urinary pathogens during the study period, method of bladder drainage) were collected. The age distribution was comparable for all the three groups and ranged from  to  years with a mean age of , years. Male/female proportion was / or ,/,.
Specimen
A total of  urine samples were examined.  were from patients on clean intermittent catheteriza-tion,  of patients who had performed self-catheterization and  from patients with indwelling catheter. Urine samples were collected by catheterization or using the clean catch technique for patients able to void spontaneously. Urine specimens collected by catheterization were obtained by aseptically aspirating the clamped and disinfected catheter with a sterile syringe.
Microscopic examination
Staining of the uncentrifuged urine with methylene blue was performed. The presence of bacteria and leukocytes has been examined. The presence of at least one bacterium per oil-immersion field in a midstream, clean-catch, uncentrifuged urine correlates with ³ bacteria or more per millilitre of urine. The absence of bacteria in several fields in stained uncentrifuged urine indicates the probability of fewer than ³ bacteria/ml. A finding ≥  leukocytes per high-power field is considered abnormal (pyuria).
Urine culture
Quantitative urine culture was done at the Institute of Microbiology, Immunology and Parasitology, Clinical Centre of the University of Sarajevo. The filter paper method (Leigh and Williams, "Basic Laboratory Procedures in Clinical Bacteriology," WHO, Geneva, ) in which a given volume of urine is absorbed by a piece of fi lter paper and then put on a plate was performed. Filter paper strips were cut in the following dimensions: length , cm, width , cm, and in a length of , cm they were curved and then autoclaved. This curved part of the fi lter paper was put on a plate and held for - seconds. Blood agar plates (containing Columbia blood agar base by Becton Dickinson and  of sheep blood) were used for bacterial count and to facilitate the growth of fastidious microorganisms, particularly Gram-positive bacteria. Endo agar and Mac Conkey agar (Becton Dickinson) were used for selective isolation of Enterobacteriacea. Th ese media are specially designed to distinguish lactose-fermenting (pink to red) from nonlactose-fermenting colonies (colorless or slightly beige). Th e plates were incubated overnight at °C (±, °C) in bacteriological incubators under atmospheric conditions (Endo agar and Mac Conkey agar) and in an atmosphere enriched with  CO (blood agar); bacterial count was performed, and if judged to be significant, isolates were identified to the species level. According to the Medical Laboratory Manual (), Carbohydrate fermentation patterns and the activity of amino acid decarboxylases and other enzymes are used in biochemical differentiation ( () .
Eff ectiveness of antibiotic therapy
Th e eff ectiveness of antibiotic therapy was determined on the basis of the elimination of bacteria from urine (sterility of urine)  hour after the beginning of antibiotic therapy.
Statistical analysis χ  test, student t-test and Spearman's Rank Correlation were used for statistical data processing. The significance of differences observed was assessed using Pearson's chi-square test, with p<, considered to be statistically significant. Test results are presented both graphically and in tabular form.
Results
Of the  urine samples  (,) were positive and  (, ) sterile. Patients who had performed self-catheterization (Group C) had a signifi cantly higher percentage of sterile urine culture versus Groups A and B (P<,) ( Table ) . Th e frequency of signifi cant bacteriuria (> CFU/ml) was calculated, giving the result of , (/). Th ere were no signifi cant differences between patients in respect of the percentage of significant bacteriuria (p>,) ( Table ) . Pyuria was found only in / (,) urine samples of patients on self-catheterization. This is a statistically significant difference (significantly less) in comparison with Groups A and B (p<,) ( Table ) . Number of isolates , (/) of urine samples had > isolates (polymicrobial bacteriuria/infection) ( Table ) . 
Resistance patterns
Of the  isolates  (,) were multidrugresistant. In the group of patients on clean intermittent catheterization / (,) were multidrug-resistant, while / (,) in the group on self-catheterization, and / (,) with indwelling catheter were multidrug-resistant. Patients on self-catheterization had a signifi cantly lower number of multidrug-resistance strains versus patients on clean intermittent catheterization and indwelling catheter (p<,). Table . shows the most common multidrug-resistant strains.
Eff ectiveness of antibiotic therapy
Antibiotic therapy was included in  of episodes of bacteriuria/urinary tract infection. The elimination of bacteria was achieved in only  (,) of cases:  (,) in patients on clean intermittent catheterization,  (,) in those on self-catheterization, and  (,) in patients with indwelling catheter. (Table ) . 
Discussion
Urinary tract infection is a serious complication of neurogenic bladder in SCI patients, related to high morbidity and mortality rates () . Despite improved methods of treatment, urinary tract morbidity still ranks as the second leading cause of death in the SCI patient () .
The most important factor which may act to predispose the patients with neurogenic bladder to UTI is bladder catheterization () . In our study only , of urine samples remained sterile, while in all other samples one or more etiological agents were isolated. Similarly, Betran et al, () and Ramić () in their studies on urine samples from patients with spinal cord injury found high percentages of positive urine culture (, and   respectively). The presence of significant bacteriuria in our study (> CFU/ml) was found in , of patients, and the majority of samples showed the amount of  CFU/ ml (,). Billote-Domingo et al. () in their study conducted in Spain from April-November  report that  of samples had significant bacteriuria. Abnormal levels of pyuria are present in the great majority of people with SCI who have indwelling catheters and also in those using IC. Lack of pyuria reasonably predicts the absence of UTI in SCI patients (, ) . In our study pyuria was present in only , of samples. Rather than infection, in most of the cases asymptomatic bacteriuria (colonisation) was found. Asymptomatic bacteriuria (colonisation of distal urethra) was found in many studies, mostly present in - of patients with spinal cord injury (, , , and ) . Average number of urinary tract infection in our study was , episodes per patient with minimum , and maximum  episodes. Th e mean frequency of urinary tract infection in a study by Woodbury et al. was ,±, for IC users () . Polymicrobial bacteriuria is the rule in patients with indwelling catheters, and occurred in  of culture-positive urine specimens. Concerning the types of organisms causing urinary tract infections in our three Groups of patients, fi gures are very similar to those found in the literature about patients with chronic indwelling catheters (, , ) , only Providencia stuartii being more highly represented in our population. Providencia stuartii is an important urinary pathogen in SCI with a degree of isolation twenty-fold higher than in the rest of patients and with antimicrobial multiresistance () . Th e reason for this frequent change in the pathological organism causing urinary infections needs to be further investigated. A possible explanation could be changes occurring in the urethral fl ora. Th e place of origin of these organisms causing infections needs to be clarifi ed. Probably, they are present in the residential fl ora in the fosse navicularis and are introduced into the urinary tract, despite disinfection, whenever catheterization occurs.
As to the catheterization technique, it is widely accepted that intermittent catheterization, when compared with indwelling catheters, reduces the risk of urinary tract infection in SCI patients and is the preferred method of bladder drainage in this patient population () . Because of the disadvantages of indwelling urethral catheters it is the best to change to intermittent catheterization as soon as possible after injury. By doing this, the risk of bladder and kidney infection is reduced and the bladder will return to a more natural pattern of regular fi lling and emptying (, ) . Patients can perform intermittent catheterization themselves without increasing the risk for infections. Th e programme followed in our hospital to learn this technique, therefore, fulfils the standard requirements of hygiene. As soon as pos- Many patients with signifi cant bacteriuria are considered to be colonized rather than infected, and treatment should be reserved for those with clinical symptoms or other signs of infection. Asymptomatic bacteriuria need not be treated with antibiotics (, ) . Prophylactic antibiotics are not routinely recommended either, because of their cost, potential adverse eff ects and the increased rate of isolation of resistant organisms () .
Conclusion
Th e urinary tract of catheterized patients is highly susceptible to infection. Recurrent problems with these nosocomially acquired catheter-related urinary tract infections are the changes in the microbiological and antibiotic sensitivity pattern of the pathogens isolated. Th ere is an emergence of antibiotic-resistant organisms. Close urological follow-up is crucial in ensuring that adequate bladder drainage is achieved, avoiding the use of long term indwelling urinary catheters if at all possible. For those patients who require long term urinary appliances, patient education and strict attention to hygiene and catheter care policies is important. Th e most highly recommended preventive strategies include proper hand washing, aseptic insertion technique, maintaining a closed sterile drainage system and maintaining an unobstructed urine fl ow. Bacteriuria is inevitable in patients with long-term catheterization, and in most cases, treatment should be started only in the presence of symptoms. Treatment of UTI in patients with urinary catheters requires replacement of the catheter and selection of antibiotics based on the extension of the infection and the results of the urine culture.
